spine fractures over a 10-year period in an attempt to elucidate subsets of patients for whom CTA imaging should be performed, and to better characterize the risk stratification of stroke from VAI found on CTA imaging.
methods
A retrospective review of all adult patients with cervical spine fractures presenting to MetroHealth Medical Center, Cleveland, Ohio, from January 2002 to December 2012 was performed. The MetroHealth institutional review board committee approved the study protocol (IRB13-00712), and patient data were accessed through the Northern Ohio Trauma System prospective data registry. For each patient, radiology reports were reviewed for fracture type and level. Patient sex, age, and mortality were also recorded. Each CTA report was reviewed to identify VAI and, if present, the subsequent treatment of VAI. International Classification of Diseases, Revision 9, Codes 433-438 ("occlusion and stenosis of precerebral arteries," "occlusion of cerebral arteries," "transient cerebral ischemia," "acute but ill-defined cerebrovascular disease," "other and ill-defined cerebrovascular disease," and "late effects of cerebrovascular disease") were used to identify all patients with stroke within 30 days of injury. Follow-up was reviewed on all strokes for 90 days. Patients' strokes were excluded if the etiology was hemorrhagic or in the anterior circulation. All strokes included were confirmed on MRI or CT scans. Patients were excluded if they were younger than 18 years old, had chronic fractures, received MR angiography imaging rather than a CTA, or if there was an indeterminate radiology interpretation of whether a fracture was present.
Screening
Screening for blunt VAI was done using a modification of the Denver Criteria. High-risk patients were defined as those with cervical spine fractures of the vertebral body, pedicle, or transverse foramen; basilar skull fractures involving the carotid canal or petrous bone; Lefort II and III fractures; and penetrating injuries. Denver Criteria Grade 1 injuries were defined as a vessel lumen stenosis of less than 25%, Grade 2 injuries as stenosis of the vessel lumen between 25% and 50%, Grade 3 injuries as stenosis of the vessel greater than 50% or the development of a pseudoaneurysm, Grade 4 injuries as complete vessel occlusion, and Grade 5 injuries as complete transection of the artery. A fellowship-trained neuroradiologist made all initial reports of the presence and grade of cervical vascular injury. A staff neurosurgeon then confirmed the injury and decided on the desired follow-up and treatment. Treatment was individualized for each patient based on the extent of injury and presence of other injuries.
Statistical analysis
Pearson's chi-square test and ANOVA were used to compare categorical and continuous variables, respectively. A p value of less than 0.05 was considered statistically significant. Logistic regression univariate analysis (reported as odds ratio and 95% CI) was used to assess likelihood between patient characteristics and VAI and stroke.
results
From January 2002 to December 2012, 1717 patients presented with cervical spine fractures to our trauma center. After exclusion screening, 1435 patients remained in our study (Fig. 1) . Of the 1435 patients, 732 underwent CTA for VAI screening, whereas 703 did not. The patients' mean age was 55 years and 66% of the population was male. Fractures at C-1 represented 13% of the total, 20% occurred at C-2, and 1.1% were combined C-1 and C-2 fractures (Table 1) . Fractures at C-3 accounted for 6%, and the remaining nearly 65% of fractures occurred between C-4 and C-7 (Table 1 ). Based upon application of the Denver Criteria for high-risk cervical spine fractures associated with VAI, there were 871 high-risk fractures and 564 low-risk fractures (Fig. 1) . CTA screening was obtained in 542 high-risk and 190 low-risk fractures, whereas 329 high-risk and 374 low-risk fractures were not screened. Fracture patterns were evaluated to assess for trends in CTA use ( Table 1) . Fractures of C-1, C-2, combined C-1 and C-2, C-3, and those involving the transverse foramen were statistically significant predictors of CTA screening, whereas subluxation or subaxial cervical spine fractures were not. Thus, the odds of receiving a CTA screening for a high-risk fracture were statistically significant (OR 3.2; 95% CI 2.6-4.0).
Among patients receiving CTA, 7% (n = 51) were found to have VAI, including 50 high-risk and 1 low-risk fractures (Table 2) . Twenty-five patients had VAI Grades 1 and 2, and 26 patients had VAI Grade 3, 4, or 5. Associated carotid artery injury was found in 7 of 51 patients. Univariate analysis showed that combined C1-2 fractures, subluxation of adjacent vertebral levels, and transverse foramen fractures were independent predictors of VAI (Table 3). Of all patients with cervical spine fractures in the study, there were 10 who had posterior circulation strokes within 30 days from presentation, but only 4 were in the setting of a VAI (Table 4) . Of the 4 patients with strokes due to VAI, 2 were discharged neurologically intact and 2 died secondary to polytrauma injuries. Of the 6 patients who had strokes without VAI, 3 had atrial fibrillation and embolic complications, and the etiology of 3 were likely multifactorial, with 1 stroke occurring after hospital admission. On CT imaging, there were 3 cerebellar infarcts and 3 posterior cerebral artery territory infarcts. Univariate analysis revealed an increased chance of developing a posterior circulation stroke after a cervical spine fracture was independent of the presence of VAI identified during screening (OR 2.3; 95% CI 0.6-8.7), and high-risk fracture patterns did not increase the risk for a posterior circulation stroke (OR 1.5; 95% CI 0.4-5.9). However, fracture patterns with reported subluxation (OR 6.7; 95% CI 1.3-35.4) and transverse foramen involvement (OR 5.0; 95% CI 1.1-22.7) were found to have an increased likelihood of a posterior circulation stroke in patients screened with CTA (Table 5) .
Treatment for the 51 patients with VAI was heterogeneous in 90 days of follow-up. Thirty-five patients received antiplatelet medication and 5 were initially treated with anticoagulation before transitioning to aspirin by 3 months. Eleven patients were not treated with bloodthinning medication, and 1 patient died of other injuries prior to initiating treatment. Of the 11 patients receiving no treatment, 1 developed a stroke (11%); of the 35 patients receiving antiplatelet therapy, 2 developed a stroke (5.7%). One patient underwent coil embolization after VAI because a pseudoaneurysm was of concern on CTA. Of the 5 patients who received anticoagulation therapy, 1 developed a stroke (20%). The different treatment modalities did not correlate with an increased incidence of stroke (p = 0.8).
discussion
Aggressive screening protocols for VAI in the setting of acute traumatic cervical spine fracture have rapidly increased in the past 2 decades. 23, [26] [27] [28] 30, 32 Originally thought to be benign, VAI has been shown to confer a small but significant stroke risk. 4, 5, 22 Trauma centers throughout the United States have begun implementing protocols to screen for cerebrovascular injury using CTA among those patients with penetrating injuries, LeFort II/III fractures, high-risk Denver Criteria cervical spine fractures, temporal bone fractures involving the carotid canal, and for unexplained ischemic events. 2, 3, 5, 6, 8, 10, 13 Catheter-based diagnostic cerebral angiography remains the gold standard but it is an invasive procedure with significant cost and required resources. Its many known risks include complica- tions related to catheter insertion, contrast administration, and stroke. 6, 32 In addition, time constraints to obtain the study make CTA more cost-effective if screening is going to be performed. 11, 13 In this study, we evaluated the utility of CTA for screening VAI and the incidence of VAI after traumatic cervical spine fractures. In 1435 patients with cervical spine fractures, only those involving C-1, C-2, C-3, combined C-1 and C-2, and transverse foramen fractures were predictors of CTA screening at our institution-all of which are high-risk fracture patterns per the Denver Criteria. 6, 12, 19, 26, 35 Among screened patients, only combined C-1 and C-2 fractures, subluxation, and transverse foramen involvement were predictive of VAI. Specifically, the odds of developing a VAI were 3.8 (95% CI 1.8-7.9), 4.8 (95% CI 2.2-10.4), and 6.3 (95% CI 3.5-11.4) for these fracture patterns, respectively. Of the 1435 patients with cervical spine fractures, only 10 (0.7%) suffered a posterior circulation stroke, and of the 732 undergoing CTA, only 4 patients (0.5%) had strokes in the presence of VAI.
Thus, the clinical significance of screening remains in doubt. Other institutions have reported a low incidence of posterior circulation strokes and VAI, as well. Scott et al. reviewed 187 patients who presented with Grade 1 and 2 VAI after blunt trauma. 36 Two-thirds of patients were treated with aspirin, whereas one-third were unable to receive medication secondary to other injuries. They noted posttraumatic cerebral infarction rates of in 2 of the 187 patients (1.7%), and both patients were taking aspirin. The authors found no correlation between treatment of VAI and prevention of a posterior circulation stroke. In another case series, Eastman et al. examined 26 patients with either blunt carotid or blunt VAI and found only 1 patient (3.9%) with an infarct, which occurred from a Grade 3 injury. 17, 18 In our study, of the 51 patients suffering from VAI, 11 (20%) received no treatment, 35 (68.6%) received antiplatelet therapy, and 5 (11.8%) received anticoagulation therapy, and we also found no correlation with treatment and prevention of stroke.
Our data suggest that screening for isolated VAI after cervical spine fractures should be reexamined. We did not find a significant association between Denver Criteria high-risk cervical spine fractures and posterior circulation strokes. We did, however, isolate 3 patterns-combined C-1 and C-2 fractures, subluxation of adjacent vertebral levels, and fractures through the transverse foramenthat were independently predictive of VAI. Furthermore, subluxation and transverse foramen fractures did have an increased likelihood of subsequent posterior circulation strokes, and screening should be strongly considered when these fracture types are identified. These data highlight the need for further studies and Level I evidence to evaluate this screening process. Additional validation from prospective studies is needed.
Neck CTA costs approximately $708 to perform, with published values ranging from $500 to $1500 at various institutions. 13, 25 From 2002 to 2007, the total number of neck CTAs performed in the Medicare population nationally in the United States increased from 9796 to 115,021, which would translate into a cost increase from $6.94 million to $81.4 million. These estimates do not take into account subsequent follow-up imaging, radiology interpretation, subspecialty clinic visits, blood work, or complications related to treatment of asymptomatic VAI. Thus, a more specific screening tool must be developed to target those at high-risk for severe complications after VAI.
Although a high-risk fracture pattern was a statistically significant predictor of undergoing screening, 329 high-risk patients did not undergo screening. This can be explained by outside hospital transfer patients who may have already had screening, or by fracture patterns that, upon clinical interpretation by a spine specialist, were not thought to be at high risk for VAI. Our study has several other limitations. This was a retrospective analysis and, therefore, has the associated biases and limitations. While the initial screening pool was large and represented a 10-year period, the sample size was low. As there were only 4 recorded stroke events among those with VAI, it is difficult to find a statistically significant difference comparing so few people. These data also represent a single-institution experience, which limits its broader application. Furthermore, while we can track the care a patient has received at our own hospital, we do not know if they sought care at another institution. Thus, the stroke risk may be underestimated.
conclusions
CTA screening is an important tool to identify blunt cerebrovascular injury following trauma but should be used with caution in broad screening protocols for cervical spine fractures. Patients with C-1 and C-2 combined fractures, transverse foramen fractures, and subluxation of adjacent vertebral levels should be considered for CTA screening if clinical suspicion is present. These data support the need for Level I evidence to evaluate the cost effectiveness and efficacy of screening for and treating VAI in the setting of blunt trauma.
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